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^= (54) Title: PIEZOELECTRICALLY DRIVEN PRINTHEAD ARRAY 

(57) Abstract: A printhead (100) 
includes a common ink chamber (104) 
or reservoir bounded on one side by a 
membrane (106) having nozzle apertures 
(120,122.124). The membrane (106) 
forms a print face of the printhead (100). 
Piezoelectric elements (108,110.112) are 
located on the membrane (106) near the 
nozzles (120.122,124). The piezoelectric 
flex segments of the membrane (106) 
surrounding the nozzles (120,122,124) 
to eject ink droplets &om the nozzle 
apertures (120,122,124). Ribs (330.332) 
are also provided on the membrane (106) 
and define boundaries of the membrane 
segments corresponding to the nozzles 
(120.122.124). The ribs (330,332) 
can isolate each nozzle from the other 
nozzles, in two ways. First, the ribs 
(330.332) act as stififeners so that when 
the piezoelectric elements (108.110,112) 
attached to one membrane segment flex 

that membrane segment, the other membrane segments are not significantly flexed. Second, when the ribs (330,332) are provided 
on an interior surface of the membrane (106). they deflect the pressure pulse in the ink fluid from a flexing membrane segment, 
upwards, away from adjacent membrane segments/nozzles. 
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PIEZOELECTRICALLY DRIVEN PRINTHEAD ARRAY 
BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

[0001] The present invention relates to the field of printing by e>q)elling ink from a 

print head onto a print medium. More particularly, the present invention relates to 
piezoelectrically driven ink printheads. 

10 

2. Description of Related Art 

[0002] In the printing arts, ink printheads of various configurations are publically 

available. Typically » ^ ^ printfaead has apertures or nozzles from which ink droplets are 

IS expelled onto a print medium, and the ink is routed internally through the printhead. 

Piezoelectric transducers can be used to generate pressure necessary to expel droplets of 
ink from the nozzles of the printhead. In situations where a printhead includes multq)le 
nozzles, it is often desirable to be able to selectively expel ink droplets from a specific 
nozzle and not the other nozzles. Conventional solutions known in the art, isolate the 

20 nozzles from each other by long narrow passages that damp pressure surges in the ink fluid 
provided to the nozzles from a conmion source. Heaters can also be located at each nozzle, 
for the piurpose of reducing ink viscosity at a specific nozzle. Thus, when a droplet is to be 
ejected from a specific nozzle, the heater at that nozzle is activated to heat ink at the nozzle 
so that when a pressure pulse is applied to the ink fluid, the ink viscosity at the nozzle is 

25 reduced enough so that a droplet of ink will be e^qpelled from the nozzle, while the higher 
viscosity of the (colder) ink at the other nozzles remains high enough to prevent ejection of 
ink droplets from those other nozzles. 

[0003] However, such conventional designs suffer from various disadvantages. For 

example, long, narrow passageways for transmitting ink to a particular nozzle are more 

1 
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likely to become clogged, especially when inks with pigment particles are used, or when 
metallic inks, whose coo^onents tend to separate, are used. In addition, vfben a clog does 
occur, the length and narrowness of the passageways increases the difficulty of successfully 
cleaning the prmthead and clearing die passageways of blockages. The physical structure of 
5 such prinflieads is also somewhat complicated, and Iherefore such printheads tend to be 
more expoosive to manufacture. 

[0004] Accordingly, a need exists for a prindiead that is reliable, easy to clean, 

single in design, and economical to manufacture. 

10 SUMMARY OF THE BNTVENTION 

[0005] In accordance with exemplary embodiments of the present invention, a 

prinfliead is provided with a large ink chamber. One side of die ink chamber is formed by a 
membrane. Nozzles for expelling ink from the printhead are formed by apertures in the 
membrane, and piezoelectric actuators (hereafter "piezo") are provided near each nozzle 

15 aperture, on the membrane. The piezos expel ink from a nozzle aperture by flexing die 

membrane at the aperture to create a pressure pulse in the ink fluid near the aperture, that 
is sufficient to expel a droplet of ink fluid through the nozzle aperture. Ribs are also 
provided on the membrane, to separate or isolate adjacent nozzle apertures. In accordance 
with an exemplary embodiment of the invention, the ribs isolate a nozzle aperture in the 

20 membrane from the other nozzle apertures in the membrane by supporting a boundary of a 
membrane segment surrounding the isolated nozzle aperture. Thus, when die piezos on the 
membrane segment of the isolated nozzle aperture are actuated to flex die membrane 
segment of the nozzle aperture, the ribs act as stiffeners to bound die flexing so that die 
actuated piezos do not also flex odier parts of die membrane beyond die membrane segment 

25 of the nozzle aperture. 

[0006] In accordance with another exemplary embodiment of the invention, the ribs 

protrude slighdy into the common ink chamber of die printhead. Thus when a membrane 
segment of a nozzle aperture is flexed by die piezos attached to it, die resultmg pressure 
pulse in the ink fluid of die common chamber will tend to be deflected upwards or away 



2 



wo 02/078959 PCTAJS02/09582 



lErom the membrane segment. This is because the ribs surrounding or bounding the 
membrane segment, act as a fence to deflect or iuhibit the pressure pulse from traveling 
laterally along the membrane through the ink fluid to adjacent nozzle apertures. 
[0007] These effects, along with the natural damping effects of the ink fluid and 

5 dissipation of the pressure pulse as it e?q)ands away from its origin, prevent ink droplets 
from being expelled from nozzle apertures in the membrane whose piezos have not been 
activated. 

[0008] In accordance with other exemplary embodiments of the invention, the 

piezos can be provided either on the outside of the membrane, or on the inside of the 

10 membrane immersed in the ink fluid inside the common ink chamber. Stiffening ribs 
bounding or defining nozzle aperture membrane segments can also be provided on the 
outer surface of the membrane, in addition to or instead of, ribs provided on an interior 
surface of the membrane inside the common ink chamber. In accordance with another 
exemplary embodiment of the invention, ribs can be provided on an inside surface of the 

IS membrane, within the common ink chamber, in a configuration that impedes lateral travel 
of a pressure pulse in the ink fluid along the surface of the membrane, without increasing 
local rigidity of the membrane. The ribs can be formed using a material different from the 
membrane, or can be formed using the same material. The ribs can be formed by providing 
the membrane with additional thicknesses at appropriate locations. The ribs can also be 

20 formed by corrugating the membrane at appropriate locations. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] The objects and advantages of the present invention will be further 

understood by reading the following detailed description in conjimction with the drawings, 
25 wherein: 

[0010] Fig. 1 illustrates a side perspective view of an exemplary prindiead in 

accordance with the invention. 

[0011] Fig. 2 illustrates a bottom view of the printhead of Fig. 1 . 
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[0012] Fig. 3 illustrates a top view of the printhead of Fig. 1 , lookiiig down into an 

interior of the printhead. 

[0013] Fig. 4 illustrates a side cross sectional view of the printhead of Fig. 1. 

[0014] Fig. 5 shows a first stage of actuation of a nozzle aperture of the printhead 

of Fig. 1, in accordance with an exemplary embodiment of the invention. 
[0015] Fig. 6 illustrates a second stage of actuation of a nozzle aperture of the 

printhead of Fig. 1, in accordance with exemplary embodiments of the invention. 
[0016] Fig. 7 illustrates a bottom view of an exemplary embodiment of a printhead 

in accordance with the invention, wherein the printhead includes a two dimensional array 
of nozzles with a variety of piezo configurations. 

[0017] Fig 8 illustrates a top view of the printhead of Fig. 7, looking down into the 

common ink chamber. 

[0018] Fig. 9 illustrates an exemplary embodiment of the invention, wherein piezos 

are provided on an interior surface of the membrane, and stiffener ribs are provided on an 
exterior surface of the membrane. 

[0019] Fig. 10 illustrates an exemplary embodiment of the invention, wherein a rib 

in the membrane is formed by an increased thickness of the menibrane. 
[0020] Fig. 11 illustrates an exeaq)lary embodiment of the invention, wherein ribs 

are formed by corrugations in the membrane. 

[0021] Fig. 12 illustrates a first stage of an exemplary actuation of a nozzle of the 

printhead shown in the Fig. 11. 

[0022] Fig. 13 shows a second stage of an exemplary actuation of a nozzle of the 

printhead shown in Fig. 11. 

DETAILED DESCRIPTION OF THE INVENTION 
[0023] In accordance with exenxplary embodiments of the invention, a prmthead 

includes a central ink reservoir having a surface formed by a membrane. The membrane 
forms the print face of the printhead, and has nozzle apertures extending through the 
membrane into the central ink fluid reservoir. Piezos are provided near each nozzle 
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aperture, to flex the membTane and inject ink from the central reservoir through the nozzle 
aperture. Ribs are also provided to isolate the nozzle apertures from each other, by a) 
acting as stiffeners attached to the membrane to limit flexing of die membrane to a 
membrane segment surrounding a nozzle aperture and bounded by the ribs, and/or b) 
provide a (preferably low) fence around a nozzle aperture on the inside sur&ce of the 
membrane, thereby to deflecting pressure pulses in the ink fluid generated by actuation of 
the piezos, upward and away from laterally adjacent nozzle sqpertures. 
[0024] Fig. 1 illustrates a first exemplary embodiment of such a printhead, having a 

single row of three nozzle apertures 120-124 in a membrane 106. As can be seen in Fig. 1, 
the printhead ICQ is shown from a side perspective view from the bottom, where the print 
face of the printhead 100 is oriented downwards. Piezos 108-118 are attached to the 
membrane 106 near corresponding nozzle apertures 120-124. Chamber side walls 102, 
104, together with the membrane 106, form a central ink chamber or reservoir that 
supplies all of the nozzle apertures 120-124. The print face {e.g. , the membrane 106) of the 
printhead 100 is preferably oriented downwards toward a printing medium such as paper, 
so that the membrane 106 forms the bottom surface of the printhead 100 and the bottom of 
the central ink chamber of the printhead 100. The chamber side walls 102, 104 form side 
walls of the priolhead 100 and its central ink chamber or reservoir. 
[0025] Preferably the top of the central ink chamber or reservoir is left open, or is 

loosely (not hermetically) sealed. This confers several advantages. For exanq)le, bubbles in 
the ink fluid in the reservoir will migrate upwards, away from the nozzle apertures 120- 
124. In addition, since the central ink chambers/reservoir is open at the top or loosely 
sealed, gas bubbles can easily vent and therefore will not interfere with or degrade 
performance of the printhead 100. 

[0026] Orienting the print &ce of the printhead downwards has the additional 

advantage that gravity will ensure that most of the ink in the central reservoir can be used 
or printed, and also allows any gas bubbles in the ink to vent upwards, away from the 
nozzle apertures. Of coiurse, those of ordinary skill in the art will realize that the printhead 
can be appropriately adapted so that the nozzle apertures can be aimed in any desired 
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direction, for example sideways, or even upwards. For example, the chamber can be 
configured to have an opening on its upper side regardless of how the nozzle ap^tures are 
oriented, and/or ink fluid can be supplied to the central chamber or reservoir under an 
aqppropriate pressure. 

5 [0027] Fig. 3 shows a top view of the printhead 100, looking down into die central 

ink chamber. In particular, the central ink chamber or reservoir is bounded on the sides by 
the chamber side walls 102, 104, 302 and 304, and has a bottom formed by the membrane 
106. Ribs 330, 332 are provided to isolate the nozzle apertures firom each other. 
[0028] Fig. 4 is a side cross sectional view of the printhead 100 of Fig. 1. As 

10 shown in Fig. 4, ink 440 is provided in the central chamber or reservoir of the printhead 
100, and the ribs 330, 332 extend into the central chamber. 

[0029] Fig. 5 shows an initial part of a process wherein ink is expelled from the 

nozzle aperture 122 of the printhead 100, In particular. Fig. 5 shows a stage wherein the 
piezos 112, 114 have been actuated to flex the membrane segment containing the nozzle 

15 aperture 122 and boimded by the ribs 330, 332, outward. After the membrane segment of 
the nozzle aperture 122 has been flexed outward by the piezos 112, 114, the piezos 112, 
114 can then by actuated to drive the membrane segment vigorously inward, so that an ink 
droplet 642 is expelled from the nozzle aperture 122 as shown in Fig. 6. 
[0030] Fig. 6 shows the membrane segment containing the nozzle aperture 122, 

20 flexed inward by the piezos 112, 114. Preferably, the piezos 112, 114 are first gently 

actuated to deflect the membrane segment containing the nozzle aperture 122 outwards to 
gaflier ink near the nozzle aperture 122, and then the piezos 112, 114 are actuated rapidly 
with greater force to develop sufficient fluid pressure in the ink volume near the nozzle 
aperture 122, so that a portion of the ink 440 will be expelled through the nozzle aperture 

25 122 and exit the nozzle aperture 122 as an ink droplet 642. Persons of ordinary skill in the 
art will recognize that the piezos can be actuated in different ways, to expel ink droplets. 
For example, instead of distending the membrane segment outwards and then sharply 
inwards, the membrane segment could instead be first flexed sharply inwards to expel and 
ink droplet, and then be allowed to relax to its original, quiescent position. 
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[0031] Persons of ordinary skill in the art will further recognize that the direction of 

actuation is controlled by the polarity of the voltage applied to the piezos 112, 114. 
Persons of ordinary skill in the art will also recognize that the force applied by the piezos 
112, 114 can be modulated by adjusting or selecting an appropriate magnitude of the 
5 voltage applied to the piezos 112, 114. 

[0032] Those of ordinary skill in the art will also recognize that the diameter or 

cross sectional area of the nozzle aperture can be appropriately selected, to achieve 
appropriate ink droplet sizes and exit velocities. For example, a diameter of the nozzle 
aperture can be any appropriate size, depending on a desired ink droplet size as well as on 

10 other factors such as ink viscosity. In an exemplary embodiment of the invention, the 
nozzle aperture is selected from a range 10 to 200 microns. The timing, magnitude, 
duration, and polarity of the voltages applied to the piezos can also be appropriately 
selected to achieve desired performance when the invention is used in specific applications, 
based on characteristics of a particular situation in whidbi the invention is applied. 

IS Furthermore, electrical power can be appropriately siq>plied to the pi»os, in accordance 
with principles weU known in the art. For example, where the membrane is electrically 
conductive it can be used as a ground plane for all of the piezos connected to it, and 
positive electrical connections can be individually and separately provided for each of the 
piezos. Accordingly, electrical connections to the piezos are not shown, and are not 

20 described in further detail in this document. 

[0033] Those of ordinary skill in the art will also appreciate that the area of the 

membrane segment containing the nozzle aperture 122 and bounded by die ribs 330, 332, 
also affects operation of the printhead, for example by affecting a swept ink volume 
between extreme positions of the membrane segment, when the membrane segment is 

25 flexed by the corresponding piezos attached to it. 

[0034] The membrane can be any appropriate thickness. In an exemplary 

embodiment of the invention, a thickness of the membrane is selected from a range of 20 
microns to several himdred microns. The membrane can be made of any appropriately 
flexible material. The membrane can for example, be made of brass, stainless steel. 
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aluminum alloy, LEXON™, metallic polymers, or any other suitable material. 
[0035] In an exemplary embodioient of the invention, the ribs are about twice as 

thick as the membrane, and have a height that is about fovi times the thickness of the 
membrane. However, the ribs can have different dimensions or configurations, that provide 
appropriate levels of stiffiiess and/or fluid pressure deflection. In an exemplary 
embodiment of the invention, the ribs have a thickness that is selected from a range 20 
microns to several hundred microns, with a height selected from a range of 20 microns to 
several hundred microns. In accordance with an exemplary embodiment of the invention, 
the ribs are preferably 3-4 times as stiff as the membrane. In accordance with an exenqjlary 
embodiment of the invention, the ribs are made of a hard material having a high Yoimg's 
modules. The ribs can, for example, be made of staioless steel, with a height selected from 
a range of 50 microns to 100 microns. 

[0036] Although Fig. 1 shows a printhead 100 having a single row of nozzle 

apertures, printheads having multiple rows of nozzles can also be provided in accordance 
with exemplary embodiments of the present invention. For example. Fig, 7 shows a 
printhead 700 having nine nozzle apertures 752-768 arranged in a 3 X 3 array. As shown 
in Fig. 7, the piezos corresponding to the nozzle apertures can also be provided in various 
configurations. The piezos 710-714 are provided in a circular arrangement, respectively 
surroimding the nozzle apertures 752-756. Piezos can also be provided as long, slender 
rectangular strips mounted adjacent to respective nozzle ap^tures, as shown by the piezo 
pairs (732, 734), (736, 738), (740, 742) mounted respectively adjacent to the nozzle 
apertures 764, 766, 768. The height-to-width ratios of the rectangular piezos can also be 
adjusted, as shown by the piezos (716, 718), (720, 722) mounted respectively adjacent to 
the nozzle aperture 758, 760, to have a lower height-to-width ratio. In addition, rectangular 
piezos can be arranged to effectively surround a nozzle aperture as shown by the piezos 
724, 726, 728, 730 arranged around the nozzle aperture 762. In accordance with 
exenq^lary embodiments of the invention, piezos for expelling ink droplets from the nozzle 
apertures can be provided in any appropriate configuration. 
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[0037] While Fig. 7 is a bottom view of the printhead 700, Fig. 8 is a top view of 

the printhead 700. As shown in Fig. 8, looking down into an open, conmon ink chamber 
or reservoir, chamber side walls 802, 804, 806 and 808 bomid the chamber on the sides, 
and the membrane 706 bounds the chamber on the bottom. Ribs 830 are provided to isolate 
5 the nozzle apertures 752-768 from each other, by limiting flexion of the membrane 706 to 
a specific membrane segment smrounding a nozzle aperture and bounded by the ribs 830, 
and/or deflecting fluid pressure pulses generated by flexion of a membrane segment 
upward and away from adjacent nozzle apertures. 

[0038] In accordance with an exemplary embodiment of the invention, a printhead 

10 having chamber side walls 902, 904 and a bottom formed by a membrane 906 with nozzle 
apertures 930, 932 and 934 can have stiflening ribs 940, 942 located on an exterior surface 
of the membrane 906, to isolate flexion of the membrane 906 to a particular membrane 
segment surrounding a nozzle aperture and bounded by one or more of the ribs 940, 942. 
As shown in Fig. 9, in accordance with an exemplary embodiment of the invention, piezo 
15 pairs (910, 912), (914, 916), (918, 920) corresponding respectively to nozzle apertures 
930, 932 and 934, can be located on an interior surface of the membrane 906, within the 
common ink chamber or reservoir. In this case, electrical connections to the piezos, as well 
as the piezos themselves, would need to be insulated if an electrically conductive ink were 
used. 

20 [0039] In accordance with an exemplary embodiment of the invention shown in Fig. 

10, a rib can be formed by an additional thickness of the membrane. Fig. 10 shows a 
common ink reservoir of a printhead, having chamber side walls 1002, 1004 and a bottom 
formed by a membrane 1006 with nozzle apertures 1030, 1032. Piezos (1010, 1012), 
(1014, 1016) are provided to respectively actuate the nozzle apertures 1030, 1032. A rib 

25 1040 is also provided to perform the function(s) described above with respect to the other 
embodiments. Jn this embodiment however, the rib 1040 is formed by an additional 
thickness of the membrane 1006. Preferably, the height and width of the rib 1040 are about 
four times the normal thickness of the membrane 1006. However, die rib 1040 can be 
appropriately sized using different dimensions to provide desired results depending on the 
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specific circumstances of a particular application. 

[0040] In accordance with another exemplary embodiment of the present invention, 

ribs can be provided by corrugating the membrane. In particular, Fig. 1 1 shows an ink 
chamber or reservoir of a printhead, wherein the chamber side walls 11Q2, 1104 bound die 
5 chamber on the sides, and a membrane 1106 with nozzle apertures 1130, 1132, 1134 forms 
a bottom and also a print face of the common ink chamber and printhead. As shown in Fig. 
ll,piezos (1110, 1112), (1114. 1116). (1118, 1120) are provided on the membrane 1106 
near the nozzle apertures 1130, 1132, 1134 respectively. Ribs 1140, 1146 are also 
provided to isolate the nozzle apertures 1130-1134 from each other. As can be seen from 

10 Fig. 11, the ribs 1140, 1146 are formed as corrugations of the membrane 1106, so that 
each rib has two side walls. In particular, the rib 1140 has rib side walls 1142, 1144; and 
rib 1146 has rib side walls 1148, IISO. Ink 1160 is shown provided in the ink chamber, 
which is preferably oriented so that the membrane (which forms the print face of the 
printhead) faces downward. 

IS [0041] Figs. 12 and 13 show actuation of die piezos 1114, 1116 to expel mk from 

the nozzle aperture 1132 of Fig. 11. These operations are similar to those shown in Figs. 
5-6, and are therefore not described in further detail except to point out that the rib side 
walls 1148, 1114 adjacent to the nozzle aperture 1132, flex as the piezos 1114, 1116 
deflect the membrane segment bounded by the ribs 1140, 1146 outward and then inward. 

20 As shown in Figs. 12, 13, the opposite or outer rib side walls 1142, 1150 do not flex as 
the ink droplet 1302 is expelled from the nozzle aperture 1132, thereby isolating the other 
nozzle apertures 1130, 1134 and their corresponding membrane segments. 
[0042] Although specific embodiments of the present invention have been described 

above and shown in the accompanying Figures, other variations incorporating the inventive 

25 concepts described above are also possible. For example, the printhead can have any 
appropriate number of nozzles. The number of nozzles can range, for example, from 
several nozzles to hundreds or thousands or nozzles. External dimensions of the printhead 
can also vary appropriately. In accordance with an exemplary embodiment of the invention, 
a depth of the printhead structure can range from a fraction of a millimeter to several 

10 
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millimeters. In accordance with an exemplary embodiment of the invention, a height of the 
printhead structure can range from several millimeters to several centimeters. Generally, 
printheads in accordance with the present invention can have any appropriate size and/or 
proportion. 

[0043] The present invention confers numerous advantages. For example, the 

structure is simple and can be easily and economically manufactured. Since there are no 
channels between the central ink reservoir and the nozzle apertures, clogging is avoided. 
Furthermore, when clogging of the nozzle apertures does occur, the relatively large size of 
the common ink chamber or reservoir and open nature of the printhead allows the printhead 
to be easily and efficiently flushed clean, thus making it ideally suited for use with such 
inks as pigmented inks and metallic inks. In addition, especially when the printhead is 
oriented with the printing face downwards, air bubbles in the ink do not adversely affect 
operation of the printhead because the bubbles easily migrate upwards and away from the 
nozzle apertures due to the affects of gravity. In addition, when the top of the common ink 
chamber is open or is loosely sealed, the bubbles can easily vent from the chamber. 
[0044] In summary, an exemplary printhead in accordance with the invention includes a 
common ink chamber or reservoir bounded on one side by a membrane having nozzle 
apertures, wherein the membrane forms a print face of the printhead, includes piezoelectric 
elements located on the membrane near the nozzle apertures to flex segments of the 
membrane surrounding the nozzle apertures to eject ink droplets from the nozzle apertures. 
Stiffening ribs are also provided on the membrane. When the ribs provide structural 
stiffness, they define boundaries of the membrane segments siurounding corresponding 
nozzle apertures. The ribs isolate each nozzle aperture from the other nozzle apertures, in 
two ways. First, the ribs act as stiffeners so that when pi^x>s corresponding to a particular 
nozzle aperture are actuated to deflect the membrane segment that surrounds the nozzle 
aperture and is bounded by ribs, adjacent membrane segments corresponding to adjacent 
nozzle apertures are not significantly flexed. In addition when the ribs are provided on an 
interior surface of the membrane and extend somewhat into the ink chamber, they act to 
deflect the pressure pulse in the ink fluid generated by actuation of the piezos attached to 
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the membrane segment, upwards, away from adjacent nozzle apertures. In this way, a 
single common ink chamber or reservoir can provide ink to multiple nozzle apertures 
without long, narrow or labyrinttiine subchambers or passageways, while at the same time 
allowing the nozzle apertures to be separately and selectively activated. Thus an ink droplet 
can be ejected from any one of the nozzle apertures without causing ink to exit any of the 
other non-actuated nozzle apertures in the prinChead. The ribs can alternatively be formed 
to provide only one or the other of these two functions. Thus, one or both of these 
functions can be provided, in the same ribs or in separate ribs. The ribs can be formed 
usmg the same material as the membrane, or using different material from the membrane. 
The ribs can also be formed as corrugations in the membrane. 

[0045] The printhead of the present invention can be used in a printer for use with a 

personal computer, and can be used to print images or indicia on various substrate media 
including paper, cardboard, packing material, cigarette cartons and wrappers, and so forth. 
The printhead is compatible with all conventional fluid inks, including metallic inks. 
[0046] The present invention has been described with reference to exemplary 

embodiments. However, it will be readily apparent to those skilled in the art that it is 
possible to embody the invention in specific forms other then those described above 
without departing from the spirit of the invention. The various aspects and exemplary 
embodiments are illustrative, and they should not be considered restrictive in any way. The 
scope of the invention is given by the appended claims, gather than the proceeding 
description, and all variations and equivalence thereof which fall within the range of the 
claims are intended to be embraced therein. 



12 



wo 02/078959 



PCT/US02/09582 



Claims : 

1. A printhead, comprising: 
a print fluid reservoir; 

a membrane forming a side of the reservoir; 
a plurality of nozzle apertures in the membrane; 

for each nozzle aperture, ribs attached to the membrane to isolate a segment of the 
membrane surrounding the nozzle aperture from movement of the membrane at a different 
location; 

for each nozzle aperture, at least one piezoelectric element attached to the isolated 
segment of the membrane surrounding the nozzle aperture. 

2. The printhead of claim 1 , wherein the ribs are attached to the membrane on the 
interior of the print fluid reservoir. 

3. The printhead of claim 2, wherein the ribs extend into the reservoir a distance 
less than four times a width of the membrane. 

4. The printhead of claim 1, wherein the ribs are formed as corrugations in the 
monbrane. 

5. The printhead of claim 1 wherein the ribs have a stifiGness about four times 
greater than a stiffiiess of the membrane. 

6. The printhead of claim 1, wherein the ribs are formed by an additional thickness 
of the membrane. 

7. The printhead of claim 1 , wherein the membrane comprises at least one of brass, 
stainless steel, aluminum, LEXON™, and metallic polymer. 
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8. The printhead of claim 1, wherein the membrane forms a ground plane for the at 
least one piezoelectric element. 

9. The prinlhead of claim 1, wherein the membrane forms a bottom side of the print 
fluid reservoir. 

10. The printhead of claim 1, wherein each of the plurality of nozzle g^ertures has a 
diameter in the range of 10 to 200 microns. 

1 1 . The printhead of claim 1 , wherein the ribs have a thickness ranging from 20 to 
300 microns and a height ranging from 20 to 300 microns. 

12. The printhead of claun 1, wherein the ribs are formed of stainless steel. 

13. The printhead of claun 12, wherein the ribs have a height ranging from 50 
microns to 100 microns. 

14. The printhead of claim 1, wherein the ribs are formed on an outer surface of fbe 
membrane. 

15 . The printhead of claim 1 , wherein a top of the print fluid reservoh: is open. 

16. The printhead of claim 1, wherein the at least one piezoelectric element 
comprises a pair of piezoelectric elements mounted on opposite sides of the nozzle 
aperture. 

17. The printhead of claim 1, wherein the at least one piezoelectric element 
comprises a circular piezoelectric element surrounding the nozzle aperture. 
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18. A method for operating the printhead of claim 1, comprising: 

for at least one of the nozzle apertures, actuating the corresponding at least one 
piezoelectric element to flex the corresponding isolated segment of the membrane outward; 
and then 

actuating the corresponding at least one piezoelectric element to flex the 
corresponding isolated segment of the membrane inward to expel print fluid from the print 
fluid reservoir through the nozzle aperture. 

19. The method of claim 18, conq)rising: 

e>q)elling print fluid through, at least one of the nozzle ^ertures onto a substrate to 
form indicia on the substrate, the substrate comprising at least one of paper, plastic, foil, a 
cigarette carton, a wrapper of a cigarette pack, cardboard, a label, and a print fluid 
receptive surface. 

20. The method of claim 18, wherein in the step of actuating the at least one 
piezoelectric element to flex the corresponding isolated segment of the membrane inward, 
the corresponding isolated segment of the membrane moves past a quiescent position and 
then returns to the quiescent position. 
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